Low pH-induced fusion of liposomes with membrane vesicles derived from Bacillus subtilis.
We have investigated the pH-dependent interaction between large unilamellar phospholipid vesicles (liposomes) and membrane vesicles derived from Bacillus subtilis, utilizing a fluorescent assay based on resonance energy transfer (RET) (Struck, D. K., Hoekstra, D., and Pagano, R. E. (1981) Biochemistry 20, 4093-4099). Efficient interaction occurs only with negatively charged liposomes, containing cardiolipin or phosphatidylserine, as revealed by the dilution of the RET probes from the liposomal bilayer into the bacterial membrane. The initial rate of fluorophore dilution increases steeply with decreasing pH. The interaction involves a process of membrane fusion, as indicated by the proportional transfer of cholesteryl-[1-14C]oleate, 14C-labeled egg PC, and the RET probes from the liposomes to the bacterial vesicles, the formation of interaction products with an intermediate buoyant density, and the appearance of colloidal gold, initially encapsulated in the liposomes, in the internal volume of fused structures as revealed by thin-section electron microscopy. Treatment of B. subtilis vesicles with trypsin strongly inhibits the fusion reaction, indicating the protein dependence of the process. Vesicles derived from Streptococcus cremoris or from the inner membrane of Escherichia coli also show low pH-dependent fusion with liposomes. The fusion process described in this paper may well be of considerable importance to studies on the mechanisms of membrane fusion and to studies on the structure and function of bacterial membranes. In addition, the fusion reaction could be utilized to deliver foreign substances into bacterial protoplasts.